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A Sap-transmissible, Defective Form of Tomato Spotted Wilt Virus
SUMMARY After multiple sap transmissions two isolates of tomato spotted wilt virus (TSWV) lost the characteristic particles, and amorphous, more or less diffuse masses were observed in the cytoplasm of cells. The amorphous material, which had previously been described associated with normal virus particles, could also be found in pellets from extracts of infected plants. Isolates of the 'amorphous' type had the same thermal inactivation point as those of the normal 'particulate' type. It is suggested that the 'amorphous' type is a defective form of TSWV.
Tomato spotted wilt virus (TSWV) is a single-stranded RNA virus with spherical particles that have a unit-membrane envelope with knob-like glycoprotein structures on its outer surface (Mohamed et al., 1973; Tas et al., 1977) . The virus RNA is present in segments ( Van den Hurk et al., 1977; Verkleij et al., 1982) . The virus can be transmitted by sap inoculation.
In plant cells TSWV particles occur in clusters in the cytoplasm within dilated cisternae of the rough endoplasmic reticulum (Ie, 1964; Kitajima, 1965; Milne, 1970; Francki & Grivell, 1970; Mohamed et aL, 1973; Paliwal, 1974) . In addition, dark, amorphous, more or less diffuse masses have been observed in the cytoplasm. These masses, showing local small electron-dense structures with a lattice periodicity of about 5 nm, are not bounded by a membrane but are scattered in the cytoplasm among the ribosomes (Ie, 1971) . Similar structures were reported and called 'dense strands' by Kitajima (1965) or 'amorphous darkly stained material' by Milne (1970) . These masses are Pronase-sensitive (Ie, 1971) but although RNase did not affect their appearance in sections prepared for electron microscopy (T. S. Ie, unpublished results) the question of whether or not they contain RNA remains open.
Isolates of TSWV have been maintained by mechanical transmission for several years in our laboratory. One isolate (designated S-NN) originated from an infected Campanula isophylla plant collected in 1962, and another (designated P/S-NN) was obtained from Nicotiana tabacum leaves sent in 1963 from Poland. These two isolates were compared with two recently obtained isolates of TSWV. The new isolates, designated PD and X, originated from an amaryllis (Amaryllis sp.) plant obtained in 1973, and from an amarine (Amaryllis × Nerine) plant, obtained in 1974 respectively.
Small pieces of leaf were prefixed in ice-cold 3.5% glutaraldehyde in 0.05 M-cacodylate buffer pH 7.4 containing 0.5 % CaCI 2. 2H20, for 1 h at room temperature in a vacuum of 30 Torr. The first post-fixation was in cold 1% OsO 4 in 0.1 M-cacodylate buffer pH 7.4 containing 0.5 % CaCI v 2H20 for 1 h at room temperature. After the specimens were washed in caeodylate buffer (5 min) and Veronal-acetate buffer (5 min) they underwent a second post-fixation in cold 1 to 2% uranyl acetate in 0.014 M-Veronal-acetate buffer pH 5.1 for 1 h at room temperature, followed by washing in twice-distilled water (2 × 5 min). After dehydration in a series of ethanol concentrations up to 100% the specimens were embedded in a prepolymerized mixture of methacrylate and divinylbenzene (Kushida, 1961) . Polymerization took place in gelatin capsules at 50 °C for 48 h. The ultrathin sections were stained with uranyl acetate and lead citrate (Reynolds, 1963) .
Sections from plant tissues systemically infected with isolate S-NN or P/S-NN invariably contained only dark amorphous masses which were embedded in the cytoplasmic matrix 0022-1317/82/0000r4855 $02.00 © 1982 SGM between the ribosomes and were not surrounded by membranes (Fig. 1 a) . At high resolution these dark masses always showed a striation periodicity of about 5 nm. Such structures were never observed in the cytoplasm of healthy plants. Virus particles were never found in cells of plants infected with S-NN or P/S-NN isolates.
In cells of leaves infected with isolate PD or X, virus particles were found in abundance as well as amorphous masses of darkly stained material (Fig. 1 b) . The particles occurred in clusters localized in dilated cisternae of the endoplasmic reticulum and each particle was always surrounded by a unit membrane with knob-like structures on its surface. The densely stained amorphous masses were similar to those observed in cells infected with the S-NN and P/S-NN virus isolates.
Infected leaf material was homogenized in cold 0.01 M-tris-HC1, 0.04 M-Na2SO 3, 0.01 ~-MgC12 and 0.5 M-cysteine pH 8 in a proportion of 1 : 4 (w/v) in a Sorvall omni-mixer. After passing through cheesecloth the extract was centrifuged at 10000g for 10 min. The supernatant was centrifuged at 70000 g for 30 min and the resulting pellet resuspended in 0.01 M-tris-HC1, 0.01 M-Na2SO3, 0.1% cysteine and 0.01 M-glycine pH 7.9 (buffer B). This was centrifuged in a linear gradient of 3 to 30% (w/w) sucrose in water for 45 min at 23 000 rev/min in a Beckman SW25 rotor. The opalescent zone at the top of the gradient was collected with a needle and the extract sedimented at 100000 g for 60 min.
The pellet of the original extract, centrifuged at 10000 g for 10 min, was resuspended in buffer B to a volume equal to that of the original extract. After having been recentrifuged at 10000 g for 10 min the resulting pellet was resuspended in buffer B, placed on the surface of a linear gradient of 3 to 30% (w/w) sucrose in water, and centrifuged in a Beckman SW25 rotor at 23 000 rev/min for 45 min. The zone at the top was collected and concentrated to a pellet at 100000g for 60 min. The final pellets were drained and further processed for electron microscopy according to the procedure described for leaf tissue.
Sections of all the pellets obtained from homogenates of leaves infected with isolates S-NN or P/S-NN invariably showed dark amorphous masses among disrupted cell structures (Fig.  2a) . In sections of 10000 g pellets the amorphous masses appeared as plasmodium-like complexes containing dark regions with a striation periodicity as mentioned earlier. They strongly resembled the structures found in the cells. Virus particles were never found. In contrast, sections of pellets derived from plants infected with isolate PD or X contained many virus particles (Fig. 2 b) .
Leaves of N. tabacum cv. Samsun-NN inoculated with sap from infected leaves of any of the isolates diluted 1:10 (w/v) in 0.5 % NazSO 3 developed local lesions within 3 to 4 days. Seven to 10 days after inoculation the plants developed systemic symptoms, which, according to the isolate, varied from mosaic-like patterns with or without necrosis. This variation in symptom expression was ascribed to genetic variation among virus isolates, a well-known phenomenon in TSWV (Norris, 1946) . Leaves of Petunia hybrida 'Pink Beauty' reacted similarly to all isolates, with dark-brown local lesions that appeared within 48 h after inoculation. The thermal inactivation point of sap from infected N. tabacum cv. Samsun-NN leaves was 45 to 50 °C for all four isolates.
Thus, although isolates S-NN and P/S-NN appear not to have virus particles of the kind generally considered as characteristic for TSWV they are as infectious in sap transmission as are isolates PD and X which do have spherical virus S-NN and P/S-NN resides in the dark amorphous cytoplasm of infected plants. As pellets from leaves contained these masses it appears that their structure from the leaf tissue.
It is suggested that the 'amorphous' type (isolates of TSWV that is probably present in some, if not particles. Presumably, the infectivity of masses occurring in abundance in the infected with either S-NN or P/S-NN is stable enough to resist the extraction S-NN and P/S-NN) is a defective form all, isolates of this virus. On repeated transfer by sap inoculation it tends to build up at the expense of the spherical virus particles. Finally, the latter disappear completely. Milne (1970) also reported that a TSWV strain from Wye, long kept in cultivation by sap transmission, resembled other TSWV strains in in vitro properties and host range but virus particles were never seen in material infected with it, despite exhaustive search. However, the shift from a particulate to an amorphous form of the virus was apparently not observed in this case.
It is very unlikely that species of Thysanoptera (the natural vectors of TSWV) transmit the 'amorphous' type because, if these insects were able to transmit the amorphous type, the virus envelope for TSWV would have disappeared during evolution. 
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